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Abstract : 

Hyarogen  peroxide,  water,  and  low  molecular  weight  aldehydes 
are -commonly-encountered  species  in  the  products  of  the  liomogeneous 
partial  oxidation  of  gaseous  hydrocarbons.  A knowledge  of  the 
kinetics  of  their  mutual  reactions  can  Increase  our  understanding 
of  the  separation .and  manipulation  of  such  products.  The  present 
study  was  focused  on  the  reaction  of  hydrogen  peroxide  with 
acetaldehyde,  but  some  studies  were  also  made  of  its  reaction 
with  formaldehyde  and  proplonaldehyde . 

The  reaction  with  acetaldehyde  is  homogeneous,  acid  catalyzed, 
and  does  not  appear  to  involve  free  radicals  under  the  conditions 
studied.  The  reaction  rates  of  all  three  aldehydes  were  found 
to  be  proportional  to  the  hydrogen  peroxide  concentration  and  to 
the  two-thirds  power  of  the  aldehyde  concentration.  The  reaction 
rate  Increased  in  the  order:  formaldehyde,  acetaldehyde,  proplonaldehyde, 
and  this  is.  interpreted  in  terms  of  the  degree  of  hydration  of 
the  three  aldehydes. 

Certain  observations  on  separation  of  partial  oxidation  products 
are  interpreted  in  terms  of  the  reactions  studied.. 


An  Increasing  Industrial  Interest  Is  being  directed  to 
partial  oxidation  of  gaseous  hydrocarbons  as  the  basis  for 
metnods  of  manufacture  of  various  ohemicals.  Aldehydes  are 
almost  always  present  in  the  produots  of  such  reactions,  particularly 
formaldehyde  and  acetaldehyde,  and  hydrogen  peroxide  is  also 
formed  in  most  cases  of  homogeneous  reaction,  although  whether 
or  not  it  is  isolated  depends  upon  the  experimental  conditions. 
Cooling  the  oxidation  products  thus  may  yield  a oondensate 
containing  primarily  aldehydes,  water,  and  hydrogen  peroxide, 
pl’ts  perhaps  other  oxygenated  products. 

The  problem  of  separation  of  this  mixture  is  greatly  complicated 
by  the  fact  that  the  aldehydes  and  hydrogen  peroxide  react  in 
the  liquid  phase  to  form  hydroxy  alkyl  peroxides  as  shown  in 
equations  1 end  2 

RCHO  + H»0a.  RCH(OH)OOH  (l) 

RCH(OH)OOH  + RCHO  v--—  r-A  R0H(0H)00CH(0H )R  (2) 

The  dlalkyl  peroxide  may  also  take  part  slowly  in  further 
reactions  leading  to  organlo  adds  and  other  products.  The 
equilibria  of  reactions  (1)  and  (2)  have  been  reported  (^)  for 
both  formaldehyde  and  acetaldehyde.  For  aoetaldehyde  the 
equilibrium  constants  are: 


Ii  ■ 0.0208  mole /liter 


(h»o,)(ch2cho)_ 

?ch»ch(5h)"o5h) 


Ka  = 0.00204  (mole }*/ (liter)8  = 

(CH3CH(0H)00CH(0H)CH») 


3. 


The  kinetics  of  the  reactions  between  formaldehyde  and 
aqueous  hydrogen  peroxide  have  been  studied  (6)  but  relatively 
little  Information  has  been  published  on  the  equivalent  reactions 
with  acetaldehyde.  The  kinetics  of  such  reactions  are  of 
interest  In  conjunction  with  the  separation  and  other  problems 
associated  with  many  hydrocarbon  partial  oxidation  studies;  for 
example  to  help  determine  the  feasibility  of  removing  hydrogen 
peroxide  from  the  system  before  appreciable  quantities  become 
bound  up  with  aldehydes.  Tne  present  Investigation  was  therefore 
undertaken  with  primary  attention  being  given  to  the  reaction 
with  acetaldehyde.  A few  studies  were  also  made  on  formaldehyde 
and  propionaldehyde . 

EXPERIMENTAL 

At  least  five  methods  might  be  used  to  analyse  the  system 
under  study.  They  are  (1)  determination  of  free  aoetaldehyde 
by  titration  usirm-  the  hydroxylamlne  hydrochloride- sodium  hydroxide 
method,  (2)  soectrophotometrlc  determination,  (3)  determination 
of  free  hydrogen  peroxide  by  the  perborate  method  ( 2 )>  (*0  poiaro- 
grnphlo  deter  lnntion,  (5)  calorimetric  determination.  There 
is  some  doubt  as  to  the  accuracy  of  the  perborate  method,  sinoe  & 
substantial  length  of  time  is  required  for  the  analysis  during 
which,  the  concentrations  in  the  solution  under  study  might 
change  appreciably.  Both  the  polarographic  and  calorimetric 
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determinations  require  special  apparatus  which  was  not  readily 
available. 

The  hydroxylamlne  hydrochloride-sodium  hydroxide  method 
and  the  spectrophotometric  method  were  chosen  for  use  in  this 
investigation.  Both  are  relatively  rapid,  and  the  equipment 
for  use  in  eaoh  was  relatively  readily  available. 

A.  Hydroxylamlne  Hydrochloride-Sodium  Hydroxide  Procedure 

A dilute  aqueous  solution  of  hydrogen  peroxide  was  mixed  with 
a dilute  aqueous  solution  of  acetaldehyde.  The  solutions  had 
previously  been  analyzed  for  their  respective  constituents,  the 
hydrogen  peroxide  by  a ni-HaSC^-NaaSaO*  titration,  the  acetaldehyde 
by  adding  it  to  an  aqueous  solution  containing  excess  hydroxylamlne 
hydrochloride  and  titrating  the  freed  acid  with  sodium  hydroxide. 

The  concentration  of  acetaldehyde  was  determined  at  definite  time 
Intervals  in  aliquots  taken  from  the  main  solution,  using  the 
hydroxylamlne  hydrochloride-sodium  hydroxide  titration,  and 
tromphenol  blue  as  the  indicator.  This  technique  was  used  for 
runs  made  at  room  temperature,  and  also  on  runs  made  with  solutions 
cooled  with  loe-vater  mixture,  and  kept  at  ice  temperature.  The 
temperatures  of  the  reacting  solutions  were  not  measured,  either 
before  or  after  the  run.  In  the  case  of  the  runs  made  at  room 
temperature,  the  room  temperature  during  the  run  was  reoorded. 

It  was  found  that  peroxides  in  the  analysis  sample  slowly 
reaoted  with  the  hydroxylamlne  hydrochloride,  liberating  acid. 
Consequently,  after  rcaohing  the  end  point,  the  solution  which 
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i :ad  hern  titrated  was  allowed  to  stand  for  a time  Interval 
e uni  to  that  required  for  reaching  the  first  end  point, 
and  then  a second  end  point  was  determined.  This  provided  a 
slight  correction  for  the  side  reaction. 

This  cher. leal  method  was  used  for  the  studies  with 
acetaldehyde,  the  results  of  whloh  are  given  In  Flgureal  and 
2,  and  for  studies  to  determine  the  effect  of  glass  wool  and 
ferric  lor.  on  the  reaction  rate.  It  was  also  used  for  the 
yrcplcnaidehyde  reaction  studies  reported  In  Figure  3. 

H ._  Spectrophotometrlo  Procedure 

The  use  of  this  technique  rests  on  uhe  fact  that  In  the 
■h.oetral  range  of  2900“3200°A  the  absorptivity  In  this  system 
ic  irinoipaily  that  of  the  carbonyl  group,  and  therefore  the 
de-roe  of  absorptivity  decreases  a9  reaction  proceeds.  From 
the  « qulllbrlum  data  available  It  Is  apparent  that,  besides 
water,  the  only  species  which  will  be  present  In  significant 
amounts  are  hydrogen  peroxide,  acetaldehyde,  and  the  mono-alkyl 
addition  product,  CHsCH (OH )00H . The  speotrophotometer  was 
calibrated  by  measuring  the  optical  densities  for  pure  aqueous 
solutions  of  hydrogen  peroxide  and  of  acetaldehyde,  each  of  various 
concentrations.  The  absorptivity  of  the  mono  addition  product 
was  deter;:-.! ned  by  mixing  equl-molal  quantities  of  concentrated 
hydrogen  peroxide  and  acetaldehyde,  allowing  reaction  to  proceed, 
dllutlr.-  with  water,  and  determining  the  absorption  spectrum 
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of  the  solution  between  2500  and  3500°A.  The  absorptivity 
was  found  to  equal  80%  of  that  of  hydrogen  peroxide  over  the 
spectral  range.  The  assumption  that  the  solution  contains 
essentially  the  mono  addition  product  is  Justified  by  the 
equilibrium  data  and  by  the  fact  that  no  hump  was  shown  in  the 
curve  at  about  2850-2900°A  where  acetaldehyde  has  a strong 
absorption  band.  Moreover,  the  calculated  rate  constants 
are  net  very  sensitive  to  the  percent  absorptivity  taken  for 
the  mono  addition  produot,  because  of  the  strong  absorptivity  of 
the  carbonyl  group  in  the  free  acetaldehyde.  For  example, 
if  the  mono-addition  product  absorptivity  were  70 % rather  than 
c0%  of  that  of  hydrogen  peroxide,  it  would  change  the  rate 
constant  by  only  3“5#. 

In  making  the  runs,  dilute  solutions  of  the  reactants  were 
mixed,  then  an  aliquot  was  pipetted  into  a quartz  cell  which  was 
placed  immediately  in  the  spectrophotometer.  (A  Cary  Double-Beam 
Recording  Spectrophotometer  was  used  throughout  the  investigation). 

A continuous  record  of  the  ultra  violet  light  absorption  by  the 
solution  was  taken,  starting  as  soon  as  the  cell  was  placed  in 
the  instrument,  and  lasting,  in  most  cases,  until  the  reaction 
had  gone  essentially  to  completion. 

For  each  run,  a particular  wave  length  in  the  range  of 
2900-3200°A  was  picked,  so  chosen  as  to  give  maximum  sccuracy 
for  tr.e  concentrations  studied  in  that  particular  run.  Hydrochloric 
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acid  was  added  to  catalyze  the  reaction  in  certain  runs,  as 
noted  below.  The-  spectrophotometer  method  was  used  for  the 
studies  reported  in  Table  1 and  also  for  the  studies  with 
T\Qrmaldeh'yd-ey  reported  in  Table  2. 

Temperatures  could  not  be  measured  in  the  cell  itself,  so 
t he~  values  reported  are  those  of  the  thermostatted  bath. 


RESULTS 


As  discussed  below,  it  was  found  that  with  all  three 

aldehydes  the  kinetic  data  were  best  fitted  by  assuming  that 

the  forward  reaction  is  first  order  with  respect  to  hydrogen 

peroxide  and  two-thirds  order  with  respect  to  the  aldehyde.  If 

subsecuent  reaction; of  the  mono-addition  product  and  back 

reactions  are  neglected,  the  resulting  rate  expression: 

2/3 

dc/de  = k(b)(a)  can  be  integrated,  giving: 


ek-=  - 


2 (b0-a0 ) 

1 


3 In.  (b0-a0)1//3  + (a0-c)1//3j  -ln(bc-c) 


■-  — s tan  

<b0-a0)  (_  3 (t0-a0) 


-1  ^(ao-c)1/3-  (bo-ao)1/3! 


175' 


+ constant 


where:  k is  the  rate  constant 

6 is  the  time  in  minutes 

a is  concentration  of  acetaldehyde 

a is  concentration  of  acetaldehyde,  initially 

b°  is  concentration  of  hydrogen  peroxide 

b0  is  concentration  of  hydrogen  peroxide,  initially 

c is  concentration  of  mono-addition  product 

and  concentrations  are  given  in  gm.  mole/l. 

The  values  of  k8  were  plotted  against  time,  0 for  that 
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part  of  the  reactlo  corre  bonding  to  up  to  30-50^  of  equilibrium. 
The  rate  constant  wa  4 *’  n as  the  slope  of  the  best  curve 
through  the  points  for  the  first  few  minutes,  neglecting 
initial  transient  conditions.  The  constant  k is  given  in 
the  units  (g.  moles/liter  (min)“^. 

Figure  1 shows  the  results  of  studies  with  acetaldehyde  at 
about  28°C.  using  the  ohemical  method  of  analysis.  Initial 
concentrations  of  hydrogen  peroxide  and  acetaldehyde  of  from 
0.04  to  0.10  molar  were  used  here.  Figure  2 shows  the  results 
of  similar  studies  at  0°C;  here  the  initial  concentrations  of  the 
reactants  varied  from  0.06  to  0.20  molar.  The  spectrophotometrlc 
runs  with  acetaldehyde  are  given  in  Table  1.  (Note  that 
hydrochloric  acid  was  added  in  four  of  these  runs).  Two  rune 
made  with  formaldehyde  are  g’ven  in  Table  2.  The  results  of  the 
studies  wlm  propionaldehyde , in  which  ohemical  analysis  was 
used,  are  given  in  Fig.  3* 

From  the  chemical-analysis  studies  the  value  of  k for 
acetaldehyde,  as  calculated  above,  is  about  0.67  at  28°C.  From 
the  spectrophotometrlc  studies  on  acetaldehyde,  the  best  value 
of  k Is  0.61  at  25°C.  At  0°C , the  value  of  k is  about  0.066. 

For  formaldehyde,  k is  about  0.11  at  25°C.,  and  for  propionaldehyde 
k Is  about  0.75  at  20°0.  The  data  on  acetaldehyde  at  the  two 
temperatures  indicate  an  activation  energy  of  14  kcal/mole. 
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TABLE  I 

3PECTR0PH0T0METRIC  RUNS:  ACETALDEHYDE 


Run 

Temp. 

(°c.) 

# 

Initial 
Cone . 
CHsCHO 
( M . / 1 . ) 

Initial 
Cone . 
HsOa 
(M./l. ) 

Reaction 

Rate 

Constant 

k 

HC1 

Added 

(M./l.) 

1 

25 

0.264 

0.293 

0.61 

— 

A 

25 

0.154 

0.342 

0.62 

— 

3 

25 

0.289 

0.128 

0.60 

— 

4 

25 

0.172 

0.152 

0.60 

— 

5 

25 

0.62 

0.68 

0.76 

— 

6 

25.1 

0.0786 

0.0392 

0.61 

7 

25.1 

0.0393 

0.0785 

0.61 

— 

6 

25.9 

0.189 

0.121 

4.10 

0.015 

9 

26.2 

0.0137 

0.00795 

0.57 

10 

26.2 

0.0137 

0.00795 

8.7 

0.097 

11 

26.2 

0.0137 

0.00795 

1.3 

0.015 

12 

26.2 

0.0137 

0.00795 

5.1 

0.040 

13 

25 

1.79 

0.90 

1.05 

— 

14 

25 

0.89 

1.80 

0.94 

— 

# Note:  Runs  8-12  not  thermostated . 


10 


TABLE  II 


3PECTROPHOTOKETRIC  RUNS : FORMALDEHYDE 


Run  Temperature 

(®C) 


1 25.0 

2 25.0 


Initial  Initial 

Concentration  Concentration 
HgOa  (mol/1,  ) CHaC  (mol/1.) 

1.2?  8.6 

1.18  0,86 


Reaction 

Rate 

Constant 

0.116 

0.111 


r 


n. 


To  determine  the  possible  contribution  of  heterogeneoue 
processes,  a run  was  made  at  22*C.  In  vhioh  a quantity  of  glaee 
wool  of  10  mioron  diameter  vae  aided  to  the  flash.  Initial 
concentrations  were  0.0241  molar  hydrogen  peroxide,  0.04?4 
molar  acetaldehyde  and  the  Area  of  the  glass  wool  vae  estimated 
at  4000  sq.  cm.  as  compart  to  about  160  sq.  cm.  for  the  reaotlon 
flash  alone.  The  results  gave  a rate  constant  of  0.66,  from 
which  it  may  be  oonoluded  that  the  glass  surfaoe  makes  no 
contribution  to  the  reaotlon. 

To  Investigate  the  possibility  that  the  reaotlon  Is  free 
radloal  In  nature,  two  different  tests  were  made  at  22°C  on 
the  system  vater-aeetaldehyde-hydrogen  peroxide.  The  first 
procedure  used  was  to  add  10  parts  per  million  of  ferrio  ion  to 
the  reacting  solution.  Since  It  is  generally  believed  that 
ferric  Ions  catalyse  the  formation  of  OH  radicals  from  hydrogen 
peroxide,  it  was  thought  that  perhaps  this  addition  would  have 
an  effect  on  the  reaction  rate.  (This  concentration  of  ferrio 
Ion  was  found  to  decompose  about  5%  of  a 0.3M  solution  of  hydrogen 
peroxide  In  one  hour.)  The  analyses  in  these  tests  were  by  the 
chemical  method.  Secondly,  a strong  mercury-vapor  lamp  was 
placed  above  a beaker  containing  the  reaoting  solution,  and  the 
rate  determined  by  ohemlcal  analysis.  Reaotant  concentrations 
were  approximately  as  above.  In  the  ferric  ion  run,  k was  found 
to  be  0.67;  In  the  run  with  ultraviolet  radiation,  k was  0.41. 


< 
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la  another  study  a run  was  made  using  the  speotrophotometer 
equipment  in  the  usual  fashion  exoept  that  the  ultra-violet 
souroe  was  dlreoted  through  the  reacting  solution  only  during 
a few  brief  intervals  In  whloh  measurements  were  taken,  rather 
than  continuously.  Ho  significant  difference  in  the  results  was 
noted.  It  therefore  is  highly  probable  that  under  the  conditions 
studied  the  reaction  is  not  free-radleal  in  character,  and  that 
the  ultra-violet  radiation  of  the  spectrophotometer  had  no 
significant  effect  on  the  results. 

The  runs  using  added  hydrochloric  add  establish  that  the 
reaction  is  aold-oatalyied,  but  insufficient  data  were  obtained 
to  iormulate  a rate  equation  to  include  this  effect. 

Reagent  grade  chemicals  were  used  for  all  studies.  The 
aoetaidehyde  was  found  to  have  a small  acid  content,  amounting 
to  an  average  of  1.3#  of  the  acetaldehyde  present.  The  effect  of 
this  acid  content  on  the  rate  constants  repo- -ted  is  probably 
small.  If  it  is  assumed  to  be  aoetlc  add  and  the  reaction  rate 
le  assumed, as  an  approximation,  to  have  the  same  dependency  on 
the  hydrogen  ion  concentration  as  that  exhibited  with  hydrochloric 
acid,  this  would  amount  to  a correction  of  10-20%  of  the  value  of 
k reported.  The  propionic  acid  present  In  the  propionaldehyde 
used  was  less  than  0.6%,  The  add  content  of  the  formaldehyde 
used  was  not  determined  but  since  aqueous  solutions  of  formaldehyde 
are  fairly  stable,  the  add  oonoentratlon  was  probably  very  low. 
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No  oorreotlons  for  aold  catalysis  vers  mads  to  any  of  the  data 
reported. 

DISCUSSION 

Figures  1 and  2 show  the  reproducibility  of  the  chemical 
analysis  method.  The  change  in  slope  of  the  curve  of  Figure  1 
after  about  5 minutes  time  can  be  attributed  to  the  reverse 
reaction.  In  Figure  2 the  runs  seem  to  start  at  a time  of  -3 
minutes.  The  cause  was  a temperature  rise  of  the  reactants 
above  0°C  during  the  pipetting  and  other  manipulative  procedures 
at  the  beginning  of  a run  which  produced  a more  rapid  reaction 
before  the  solution  was  cooled  bach  down  to  0°C.  Likewise 
In  Table  1(  a few  runs  using  high  concentrations  gave  somewhat 
higher  values  of  k,  presumably  due  to  the  rapid  rate  of  the 
Initial  reaction  which  would  e'er ate  the  temperature  of  the  mixture 
slightly  above  that  of  the  bath.  The  close  correspondence  between 
the  results  obtained  wltn  the  two  methods  of  following  ths 
reaction  gives  confidence  as  to  the  reliability  of  the  rate 
constants  obtained. 

It  might  have  been  expected  that  the  reaction  would  be  first 
order  with  respect  to  both  hydrogen  peroxide  and  acetaldehyde. 
However,  the  data  obtained  with  all  three  aldehydes  instead 
closely  fit  a two-thirds  order  expression  ^or  the  aldehyde.  The 
evidenoe  for  this  conclusion  Is  best  seen  in  the  results  of 
Table  1,  In  which  the  various  runs  cover  Initial  hydrogen  peroxide 
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and  acetaldehyde  concentrations  each  varying  by  a factor  of 
over  100. 

An  assumption  that  the  acetaldehyde  concentration  should 
enter  the  rate  expression  as  either  the  one-half  or  first 
power  leads  to  a very  considerable  scatter  of  the  values  of 
k thus  calculated.  In  this  connection  it  is  interesting  to 
Jxamlne  the  results  of  Duniot,  Perrin,  and  Style  on  the  rate 
of  reaction  of  formaldehyde  and  hydrogen  peroxide  (£) . They 
reported  their  kinetic  data  fitted  to  a second  order  equation, 
but  a recalculation  assuming  a two-thirds  order  for  the 
formaldehyde  brings  their  results  muoh  closer  together.  This 
has  been  done  in  Figure  4.  The  values  of  kO  as  they  calculated 
them  are  shown  for  the  two  runs  they  reported,  (which  were  made 
in  the  presence  of  0.0025M  sulfuric  acid).  The  reaction 
rate  constants  are  seen  to  be  significantly  different  for  the 
formaldehyde  concentrations  which  taried  by  a factor  or  two. 
Also  shown  are  their  original  data  multiplied  by  the  original 
formaldehyde  concentration  to  the  one-third  power,  to  obtain 
a k conformable  to  a two-thirds  order  rate  expression.  It  is 
seen  that  this  brings  their  calculated  results  quite  close 
together.  The  new  value  of  k thus  oaloulated  is  about  0.05, 
which  is  one-half  of  the  value  found  in  the  present  work. 

Most  of  the  difference  between  these  two  values  is  caused 
by  the  difference  between  the  absorptivity  asoribed  to  the 
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mono-addition  product  of  hydrogen  peroxide  and  formaldehyde. 
Dunloi,  Perrin,  and  3tyle  took  it  to  be  50 % of  that  of 
hydrogen  peroxide,  while  in  the  present  work  it  was  assumed 
to  be  80%,  based  on  the  studies  with  acetaldehyde.  The 
calculated  value  of  the  rate  constant  is  much  more  sensitive 
to  the  absorptivity  assumed  for  the  addition  product  in  the 
case  of  the  formaldehyde  reaction  than  of  the  acetaldehyde 
reaotion,  since  formaldehyde  is  almost  100JJ  hydrated  in  aqueous 
solution.  The  absence  of  the  carbonyl  group  causes  the  hydrated 
formaldehyde  to  have  relatively  little  absorptivity.  The  rate 
constant  of  Dunioz,  Perrin,  and  Style  a3  recalculated  above  may 
be  compared  with  that  obtained  here  by  (1)  allowing  for  the 
difference  in  assumed  absorptivity  of  the  mono-addition  product, 
and  (2)  adjusting  thnlr  rate  constant  for  the  0.0025M  sulfuric 
acid  concentration  present  in  their  runs,  using  their  rate 
expression  for  the  effect  of  the  acid.  If  this  is  done,  their 
rate  constant  and  the  one  obtained  here  become  identical. 

The  two-thirds  order  with  respect  to  the  aldehyde  indicates 
that  the  reaction  is  probably  fairly  complex,  rather  than  the 
simple  one  whloh  has  been  accepted  (6).  Such  a rate  expression 
is  awkward  to  interpret  kinetioally,  and  may  be  associated  in 
some  way  with  polymer  formation  in  solution.  The  fact  that  the 
reaction  follows  the  two-thirds  order  expression  for  the 
aldehyde  over  the  wide  concentration  range  studied,  and 
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for  all  three  aldehyde* . makes  It  highly  unlikely  that 
simultaneously-occurring  reactions  were  being  observed. 

The  rate  constants  obtained  show  that  the  rate  of  reaotlon 
of  an  aldehyde  with  hydrogen  peroxide  Increases  In  the  order: 
formaldehyde,  acetaldehyde,  propionaldehyde . It  might  have 
been  expected  that  the  reverse  would  be  true,  if  the  species 
were  each  present  In  solution  in  the  monomeric  form,  since 
presumably  the  sterio  factor  would  become  smaller  with 
Increasing  molecular  complexity.  However,  It  is  known  that 
formaldehyde  is  almost  100£  hydrated  in  aqueous  solution  (4) 
and  that  acetaldehyde  is  about  55%  hydrated  at  25°C  (1). 
Presumably  propionaldehyde  is  less  hydrated  than  acetaldehyde. 

It  would  be  expected  that  the  reaction  of  the  carbonyl  group 
with  hydrogen  peroxide  might  be  similar  to  that  with  water. 

In  the  studies  here  the  aldehyde  has  previously  reached  an 
equilibrium  degree  of  hydration,  and  It  seems  reasonable  to 
postulate  that  the  hydrogen  peroxide  reaots  only  with  the 
unhydrated  form  of  the  aldehyde.  The  differences  in  the  relative 
reaction  rates  of  the  three  aldehydes  can  then  be  attributed 
mainly  to  the  fraction  of  the  speole  In  each  case  which  is 
present  in  the  unhydrated  form  oapable  of  reaotlon. 

On  ooollng  and  condensing  the  products  from  the  partial 
oxidation  of  a hydrocarbon,  the  aldehydes  will  presumably  exist 
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initially  in  the  unhydrated  form.  If  hydrogen  peroxide  is 

also  present,  the  hydration  and  peroxide-addition  reactions 

will  then  presumably  compete  for  the  free  aldehyde.  Apparently 

no  studies  have  been  published  on  the  rate  of  hydration  of 

formaldehyde,  but  some  information  is  available  on  that  of  acetaldehyde 

(2,3).  For  example,  at  0°C  the  half-time  for  the  hydration 

of  a 0.4k  concentration  of  aoetaldehyde  in  neutral  water  solution 

is  about  8 minutes  (<!),  This  is  roughly  four  times  as  rapid 

as  the  hydrogen  peroxide  addition  reaction  at  this  concentration 

and  temperature. 

The  rates  of  these  various  reactions  greatly  affect  the 
results  obtained  when  it  is  attempted  to  separate  the  products 
of  a hydrocarbon  partial  oxidation  reaction  by  fractional 
condensation.  For  example,  In  a previous  study  (8)  it  was 
found  that  the  partial  pressure  of  formaldehyde  In  the  product 
gas  leaving  the  condenser  at  various  condenser  temperatures 
was  substantially  less  than  the  equilibrium  partial  pressure  of 
formaldehyde  above  the  aqueous  solution  formed,  although  the 
acetaldehyde  partial  pressure  closely  followed  the  theoretical 
values  at  all  condenser  temperatures  studied.  A reasonable 
explanation  of  these  results  is  the  postulation  that  during 
the  residence  time  in  the  condenser  a substantial  amount  of 
formaldehyde  addition  product  with  hydrogen  peroxide  was  formed 
but  not  that  of  acetaldehyde.  This  addition  product  would 
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presumably  have  a lower  volatility  than  formaldehyde  hylrate. 

In  the  studies  reported  here,  the  peroxide  addition  reaction 
to  hydrated  aldehydes  was  less  rapid  for  formaldehyde  than 
acetaldehyde,  but  the  reverse  could  readily  be  true  when  the 
aldehydes  are  Initially  In  the  unhydrated  form.  It  is  also 
possible  that  gas  or  liquid-phase  polymerisation  of  formaldehyde 
can  account  for  some  of  these  observations,  although  the 
polymerization  rates  appear  to  be  muoh  slower  than  the  addition 
reactions. (j^Jlt  would  be  Interesting  to  test  some  of  these 
hypotheses  by  determining  the  hydration  rates  of  formaldehyde, 
and  the  reaction  rates  of  hydrogen  peroxide  with  unhydrated 
formaldehyde  and  acetaldehyde  In  a medium  which  Is  non-solvatlng 
and  non-polar. 
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FIGURE  3 PROPIONALDEHYDE  RUNS 


